acid (GABA), an inhibitory neurotransmitter present in the central nervous system (CNS). It is found primarily in GABAergic neurons and in beta cells in the islets of Langerhans in the pancreas 2, 4 . Glutamic acid decarboxylase is produced in two different isoforms with molecular weights of 65 and 67 kilodaltons (GAD65 and GAD67) encoded by two distinct genes; the main target for GAD-ab in neurological diseases is GAD65 1, 2, 3, 4 . The cerebellum is an encephalic region highly susceptible to immune-mediated mechanisms. Cerebellar ataxia associated with anti-GAD-ab (CA-GAD-ab) is a rare and potentially treatable form of immune-mediated cerebellar ataxia, the detection of which is increasing 5, 6, 7 . The exact pathogenic role of GAD-ab in the cerebellar ataxias has yet to be fully understood; however, experimental data have suggested a direct excitotoxic effect of GAD-ab on Purkinje cells 8 . The presence of GAD-ab serves to confirm a possible autoimmune pathogenesis in the syndrome of cerebellar ataxia 5, 6, 8 . The objective of the current investigation was to evaluate a series of patients with cerebellar ataxia associated to anti-GAD-ab, comparing their clinical characteristics and outcomes. There are few descriptions of CA-GAD-ab in the literature; therefore, this information is useful to clinicians dealing with cases of immune-mediated cerebellar ataxias.
METHODS
This is a retrospective and descriptive study conducted by reviewing the clinical characteristics and outcomes of consecutive patients with CA-GAD-ab evaluated in the Neurology and Nutrology departments of the Clementino Fraga Filho Hospital of the Federal University of Rio de Janeiro between February 2013 and December 2015. Three CA-GAD-ab patients were selected retrospectively. Full consent was obtained from the all patients.
All CA-GAD-ab patients were submitted to a complete neurological evaluation; cerebrospinal fluid examination; a laboratory work-up that included measurement of onconeural antibodies, autoimmune encephalitis antibodies and serum levels of GAD-ab; genetic evaluation; and brain magnetic resonance imaging (MRI) scans. Brain MRI was performed in a 1.5T scanner Avanto (Siemens Medical Systems, Erlangen, Germany).
Diabetes was defined according to the criteria established by the American Diabetes Association 9 . Classic SPS was diagnosed in accordance with the Dalakas criteria 10 , with SPS variants being defined according to Barker et al 11 . Serum GAD-ab (GAD65-ab isoform) was measured with direct radiobinding assay, with the cut-off value for positivity being ≥ 1.0 Ui/ml. High titers of GAD-ab were defined as > 100Ui/ml.
RESULTS
The three patients (two men and one woman) identified with CA-GAD-ab were between 43 and 57 years of age (mean: 49.3 years). The characteristics of the patients are shown in Table 1 . Onset was either subacute or insidious. All patients had global cerebellar ataxia, although in Patient 2 the condition was predominantly axial. In Patients 1 and 2, classical SPS was associated with cerebellar ataxia, while Patient 3 had pure cerebellar ataxia. None of the patients had SPS variants, epilepsy or limbic encephalitis. Multidirectional nystagmus of CNS origin, and cerebellar dysarthria, were present in the patients. There were no findings of downbeat nystagmus, opsoclonus-myoclonus, ocular flutter, periodic alternating nystagmus or palatal myoclonus. None of the patients had a family history of cerebellar ataxia.
All three patients met the criteria for endocrine disease: latent autoimmune diabetes of adults in Patients 1 and 2 and autoimmune polyglandular syndrome type 2 in Patient 3. Two patients had a family history of endocrine disease. All the patients had high titers of GAD-ab (Patient 1: 102Ui/ml, Patient 2: 200 Ui/ml, Patient 3: 200Ui/ml). Onconeural antibodies and autoimmune encephalitis antibodies, genetic evaluation, screenings for endocrine or organ specific autoimmunity were all normal (Table) . Cerebrospinal fluid examination revealed the presence of anti-GAD in Patient 1, while Patient 2 tested normal, and oligoclonal bands were found in Patient 3. Brain MRI scans revealed cerebellar atrophy only in Patient 3 ( Figure) .
Following intravenous immunoglobulin therapy (IVIG, 0.4 g/kg/day for 5 days, followed by two cycles of single monthly doses 1g/kg), there was no improvement in Patients 1 and 3, and Patient 2 had a partial recovery.
DISCUSSION
Cerebellar ataxia associated with anti-GAD-ab is a rare disorder characterized by cerebellar ataxia concomitant in the presence of GAD-ab. The precise mechanism behind this condition remains unknown 5, 6, 8, 12 . The disease affects mostly women in their sixth decade of life 5, 6, 8, 12 . The present study evaluated three patients in their fifth and sixth decades of life, with two of these patients being male. As shown in this study, CA-GAD-ab may be either of insidious or subacute onset, with the disease tending to progress slowly over time 5, 6 . All the patients reported here had global cerebellar ataxia; however, in Patient 2 the cerebellar ataxia was predominantly axial. Gait ataxia appears to be a severe and common problem in this condition 1, 5, 6, 13 . Few reports have been published on patients with CA-GAD-ab presenting with neuro-ophthalmic abnormalities 14, 15, 16, 17, 18, 19 . The three patients evaluated here had typical multidirectional nystagmus of CNS origin, although 
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the spectrum of ocular manifestations in patients with CA-GAD-ab may be broader 13, 14, 15, 16, 17 . Recent studies have shown that spontaneous downbeat nystagmus can represent an important clue for a diagnosis of CA-GAD-ab 18 . It is probably related to abnormal GABAergic transmission at the cerebellum and its connections 14, 17, 18 . Patients 1 and 2 have a more complex phenotype: classic SPS and cerebellar ataxia. Stiff person syndrome is a rare disorder characterized by muscle rigidity and episodic axial muscle spasms 10, 20 . Continuous contraction of opposing muscles is caused by involuntary motor unit firing at rest and represents a clinical and electrophysiological hallmark of the disease 10, 20 . It is also related to the autoimmune pathogenesis of the disease, and, although the antibody spectrum associated with SPS has broadened, GAD-ab and anti-amphiphysin remain those most typically associated with SPS 10, 11, 20, 21 .
The association between SPS and CA-GAD-ab is even more unusual and creates additional challenges to diagnosis and treatment 20, 21, 22, 23, 24, 25, 26 . This overlap emphasizes a possible common mechanism, which is probably related to the widespread distribution of GAD throughout the CNS 1, 2, 4, 6 . A personal or familial history of other autoimmune diseases such as autoimmune diabetes mellitus, Addison's disease, hemolytic anemia or thyroiditis is commonly found in CA-GAD-ab 6, 22 . All the patients reported here had an endocrine disorder: two had latent autoimmune diabetes of adults and one had autoimmune polyglandular syndrome type 2, also known as Schmidt syndrome, which is the most common of the immunoendocrinopathy syndromes characterized by the obligatory occurrence of autoimmune Addison's disease in combination with thyroid autoimmune disorders and/or autoimmune diabetes mellitus (type 1 diabetes mellitus or latent autoimmune diabetes of adults) 23 . It should be emphasized, however, that even if there is no association with endocrinopathy, all patients with new onset of unexplained cerebellar ataxia should be investigated for treatable conditions 6 such as CA-GAD-ab. Cerebrospinal fluid analysis may be normal or may show oligoclonal bands, mild pleocytosis and intrathecal synthesis of GAD-abs 1, 2, 3 . Brain MRI may also be normal or may reveal cerebellar atrophy 1, 2, 3, 5 . For unknown reason, cerebellar atrophy is generally seen in patients with CA-GAD-ab without SPS 5, 6, 24 , and the patients in the present study are no exception.
The majority of cases of CA-GAD-ab reported in the literature involved high levels of GAD-ab 1, 6, 25, 26 but, even if the titers are low, the condition may be associated with an autoimmune mechanism 13, 27 . A diagnosis of CA-GAD-ab is supported by the positivity for GAD-ab. The patients in this study had high titers, reinforcing the immune-mediated mechanism 1, 6 . Despite the absence of randomized controlled studies, immunotherapy regimens such as glucocorticoid, intravenous immunoglobulin, plasma exchange, and immunosuppressive agents in varying combinations are the mainstay of the treatment 7, 13, 25, 28, 29, 30 . The response to treatment is variable, with complete remission being rare. However, there are a few reports that show favorable response 13, 30 . No correlation has been found between serum GAD-ab titers and the severity of the disease, its phenotype or response to treatment 5, 7, 25 . The patients evaluated here underwent intravenous immunoglobulin therapy; however, partial recovery was achieved in Patient 2 alone, with Patients 1 and 3 showing no response to the treatment.
Recently, an increasing number of neurological disorders have been associated with GAD-ab 1 . Of the three patients with CA-GAD-ab described here, one had pure CA-GAD-ab, while the two remaining patients had a more complex phenotype, CA-GAG-ab plus SPS. The reason behind the susceptibility of the cerebellum to this form of immune-mediated disease is not fully understood, but is probably related to the distribution of GAD in Purkinje cells and a direct excitotoxic effect of GAD-ab 6 . Some autopsy studies have revealed a selective loss of Purkinje cells 30 . The potential pathogenic role of GAD-ab in neurological disorders remains to be clarified; however, plausible hypotheses include the inhibition of GABA synthesis and interference with exocytosis 25 . Further studies are required to understand the exact mechanisms of cerebellar ataxia in patients with GAD-Ab.
The full spectrum of CA-GAD-ab is vast and its clinical presentation can be challenging. Therefore, clinicians should be able to recognize this potentially treatable autoimmune condition when faced with any of the aforementioned neurological disorders.
